Objective: An appropriate neonatal resuscitation device for village midwives in Indonesia is chosen.
Introduction
The fourth goal of the United Nations Millennium Development Goals is to decrease the international child mortality rate by two-thirds during the period of 1990 through 2015. 1 This goal cannot be achieved without a substantial decrease in neonatal mortality, given that 38% of infant deaths occur in the neonatal period. [2] [3] [4] Between 25 and 45% of infant deaths occur in the first 24 h of life and 70% during the first week of life. 3 Kosen and Djaja 5 found that the leading causes of neonatal deaths in Indonesia were prematurity (30%), birth asphyxia (27%), infections (15%) and feeding problems (10%).
The World Health Organization estimates that B5 million infants experience birth asphyxia each year in developing countries; of these, one million die and one million live with significant mental and physical handicaps. 2 The high mortality rate of asphyxiated infants in developing countries may be due to: (1) lack of local health providers trained in detection and management of birth asphyxia and (2) lack of an appropriate device for performing resuscitation.
A large percentage of deliveries in developing countries take place at home. The Indonesia Demographic and Health Survey 2002 to 2003 showed that 59% of all deliveries in Indonesia take place at home. 6 Referring asphyxiated infants is not feasible, as they will usually die before reaching a health center or hospital. Therefore, births that occur at home must be attended by a provider who is trained to manage birth asphyxia. 7 Like many other developing countries, Indonesia continues to have a high neonatal mortality rate. The Indonesia Health Household Survey showed a neonatal mortality rate of 22 deaths per 1000 live births, 27% of which are caused by birth asphyxia. 6, 8 Kosen and Djaja 5 indicates that 45% of early neonatal deaths in the Cirebon district of Indonesia were caused by birth asphyxia; 90% of these deaths could have been prevented with adequate and prompt management of birth asphyxia through the use of a neonatal resuscitation device.
The government of Indonesia has a policy in place to provide at least one midwife to every village to help decrease the maternal and infant mortality rates. Specially trained nurses or junior highschool graduates are called village midwives. A study conducted by Sadjimin 9 concluded that 69.7% of village midwives could not do adequate newborn examination according to the Indonesian Ministry of Health standard, and only 30% of them could detect and manage birth asphyxia. Training on management of birth asphyxia will improve the skill level of midwives, thus reducing neonatal deaths due to birth asphyxia. Furthermore, midwives need access to an appropriate, effective, low-cost and easy-to-maintain neonatal resuscitation device.
There are many neonatal resuscitation devices availableFfrom expensive, high-quality bag and mask devices to inexpensive locally made tube and mask devices. Experts have varying opinions about which devices work best for resuscitating asphyxiated newborns, but there is very limited evidence from controlled trials on the actual differences among various neonatal resuscitation devices. To determine the appropriate neonatal resuscitation device for village midwives, we compared four available devices in five areas: functionality, performance, quality of materials and design, midwife preference and affordability.
Methods
In this study, we tested four neonatal resuscitation devices: Ambu neonate bag and mask (Ambu A/S, Ballerup, Denmark), Topster bag and mask (Sturdy Industrial, Sanchung Taiwan, Republic of China), Laerdal pediatric pocket mask (Laerdal Medical, Stavanger, Norway), and Tekno tube and mask (Frontiers for Health, Bandung, Indonesia), listed from most expensive to least expensive ( Figure 1 ).
Study hypothesis and design
Our hypothesis at the outset of this study was that all four neonatal resuscitation devices would be equally effective for resuscitating asphyxiated newborns (as simulated on a special 'newborn' mannequin) and would be equally acceptable to midwives. We used an experimental design with midwives testing each model in turn on a different day, with the device order randomly determined. Each participating midwife was asked to do three rounds of resuscitation with each device, with a 10-min interval between rounds. In each round, the midwives performed three 30-s resuscitation trials with 15 to 20 s breaks between each trial, for a total of nine 30-s trials for each device. A 'ventilation' consisted of either a bag compression or a midwife breath (for the tube and mask). The midwives were blinded to the computer waveform, although they could see the mannequin 'chest wall' rise and fall. The outcomes of interest were the percentage of ventilations of adequate volume, as measured by the computer, and the number of ventilations per 30 s trial.
Participants and sample size
The participants were village midwives (bidan di desa) from the Cirebon district. A proportional random sampling method was used to choose participants from four strata determined by professional experience (<5 years or 5 years or more) and activity level (less than five deliveries per month or five or more deliveries per month). Participation was voluntary, and each midwife signed an informed consent before participating in the interview. All selected subjects were trained by a neonatologist on the use of each resuscitation device in a 1-day session. Training included the recommended number of 40 to 60 ventilations per minute (or 20 to 30 ventilations per 30-s trial).
The unit of analysis for adequate resuscitation was the average percent of adequate ventilations in each round of three simulated 30-s resuscitation trials. The sample size was calculated to test the difference between two average ventilations with adequate volume.
For this study, we assumed that a superior neonatal resuscitation device would have an average 80% of adequate volume ventilations or at least 16 ventilations. We defined a 'meaningful difference' in performance among devices as a difference of at least four ventilations with adequate volume. Using standard deviation of five ventilations with a 5% significance level in a one-tail test and power set to 90%, we calculated the minimum sample size to be 33 village midwives. As it was determined that it would be fatiguing (and unrealistic) to ask a midwife to make more than three rounds per device, each device was tested on a different day. To account for possible participant dropout during the study, the sample size was increased to 40.
Data collection
Data was collected from three sources: device performance, midwife interviews and an engineering assessment. As it would be unethical to test devices on asphyxiated newborns, they were tested on mannequins with the results recorded by a computer. We measured the performance of each device in terms of the volume and frequency of the ventilations given in each 30-s trial. Volume and Neonatal resuscitation device I Ariawan et al frequency were measured using the Laerdal Baby Anne mannequin (Laerdal Medical, Stavanger, Norway) with the Gaumard CPT-Link 4.3 computer interface (Gaumard Scientific, Miami, FL, USA); volume was taken as a proxy for pressure, as pressure could not be measured directly. Adequate volumes for a normal baby were defined as 20 to 30 ml of air per ventilation according to the software; below 20 ml was low and above 30 ml was considered high (Gaumard CPT-Link 4.3 Manual).
After completing trials for each neonatal resuscitation device, we interviewed the participants individually about their opinion of ease of use and their willingness to pay for such a device.
An assessment of infection prevention, material quality, cleanability and projected durability was conducted by five members of PATH's product development group. The group was made up of engineers, project coordinators and public health representatives with experience in a variety of areas including reusable medical devices, low-resource clinical environments, medical device regulations and design and construction of medical devices. Each member of the group was interviewed separately with an emphasis on their area of expertise. Following the initial interviews, the entire group was assembled for a roundtable discussion of the results. After the discussion, the devices were shown to five other members of PATH's staff who were asked to disassemble and reassemble the devices without instruction, and describe difficulties or problems they encountered. To test durability, the devices were soaked in a decontamination solution (10% bleach or 0.5% NaOCl) for B24 h to simulate multiple decontamination and/or cold-liquid disinfection procedures. Devices were then subjected to between 5 and 10 high-level disinfection procedures using a 20-min boiling cycle. Devices were examined for dimensional or functional changes after each highlevel disinfection cycle.
A simple economic analysis was done on the basis of the cost of training midwives, the cost of neonatal resuscitation devices in Jakarta in 2003, the number of village midwives in the district of Cirebon and the expected number of asphyxia-related neonatal deaths averted in a year.
Data analysis
The hypothesis of equal performance was tested using a general linear model for repeated measure design. We calculated the average number of ventilations with appropriate volume in each trial, in addition to the total number of ventilations given in the sets of first, second and third 30-s trials for each subject (Figure 2 ). This calculation was made to ensure the results of resuscitation did not occur because of fatigue or simple chance. We then used these numbers to test our main hypothesis. All statistical tests were performed with SPSS for Windows 11.0 (SPSS, Chicago, IL, USA) at a significance level of 5%. The results from the interview data were described by frequency distributions; the results from the engineering assessment were described in a summary table.
Results Table 1 shows the characteristics and price in Jakarta for each of the tested devices. Because the Ambu and Topster bag and mask devices come with size #0 masks that are designed for premature neonates and are too small for mature neonates, we substituted them with size #1 mask. The Laerdal pediatric pocket mask came with a pediatric-sized mask that is too big for neonates, and it was also replaced with a size #1 mask.
There were no differences in the key functions of the devices, as measured by the number of ventilations that achieved appropriate volume. Table 2 shows the average number of ventilations that had 
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I Ariawan et al adequate, low and high volume in all trials. There was no difference in the average number of adequate, low and high ventilations among four neonatal resuscitation devices. There was, however, a difference in the average total number of ventilations given in 30 s between Topster and Ambu bag and mask. Midwives using the Topster bag and mask gave approximately one more ventilation per period than those using the Ambu bag and mask. To evaluate the fatigue factor, a more detailed analysis of adequate, low and high volume among the four resuscitation devices was done. Table 3 shows the average number of ventilations that had adequate, low and high volume in each 30-s trial. There was no difference in the average number of adequate ventilations in the first, second and third resuscitation trials among the four devices or in the average number of ventilations with low volume. There was, however, a difference in the average number of ventilations with high volume, with both bag and mask devices producing significantly more high-volume ventilations than the two tube and mask devices. There was also a significant difference among the devices in the total number of ventilations given, with the midwives producing one or two more ventilations with the Topster and, to a lesser extent, the Ambu devices than with the tube and mask devices in each 30-s round.
We asked midwives about the availability of neonatal resuscitation devices in their practices; only 2.5% already had a device.
The two bag and mask devices were rated easiest to use, whereas the Laerdal device was considered difficult to use by a majority of midwives interviewed (Table 4 ). There was no difference in the midwives' perception of their ability to use any of the devices; they believed that they could use all of them.
We asked midwives about their ability to pay for a resuscitation device. All midwives were able to pay Rp100 000 (US$11.80), 37% were able to pay between Rp101 000 and Rp200 000 (US$11.90 to $23.50), 26% were able to pay between Rp201 000 and Rp500 000 (US$24.60 to $58.80), and only 8% were able to pay more than Rp500 000. Therefore, only the Tekno tube and mask could be purchased by all midwives. Table 5 summarizes the assessment of the PATH engineering team on the quality of materials, infection prevention ability, cleanability and projected durability. The quality of materials for the more expensive devices was higher than for the less expensive ones, but all the devices were equipped with a one-way valve to prevent infection passing from newborn to provider and to limit the volume of dead space. The dead space contains exhaled gas from the neonate. It is important to limit the amount of dead space to minimize rebreathing air containing a higher concentration of carbon dioxide.
The tube and mask devices are easier to clean as they have fewer parts and are relatively easy to disassemble and reassemble. The Tekno tube and mask device had a potential problem with its one-way valve, which began to malfunction after five high-level Neonatal resuscitation device I Ariawan et al disinfection procedures. This issue would not make the device unusable but would reduce the valve's effectiveness in preventing infection and potentially increase the dead space in the device. Table 6 shows the estimated cost of providing each device to all village midwives in Cirebon district and also the estimated cost of each neonatal death averted. Given that effectiveness is similar and assuming that training costs are the same, the locally made tube and mask device will result in a much lower cost than any of the other devices.
Discussion
Despite the high proportion of newborn deaths due to asphyxia each year, 8 the management of birth asphyxia at the community level is still neglected, as shown by a qualitative study conducted by the University of Indonesia Center for Family Welfare in 2004. 9 This study assessed knowledge and skill in the management of birth asphyxia of village midwives in Cirebon. Most of the midwives did not have adequate knowledge and skills to manage birth asphyxia, nor did most of them have a neonatal resuscitation device. Interviews with these 40 village midwives in Cirebon revealed that 97.5% of them had no neonatal resuscitation device. For many years, newborn resuscitation was considered a technically complex procedure, as it required endotracheal intubation, oxygen and drugs. However, studies have shown that simplification of resuscitation procedures is possible without compromising the quality of the intervention for babies with mild or moderate asphyxia. 10 Hospital-based studies have shown that a tube and mask device that costs one-tenth as much as a bag and mask is effective in ventilating asphyxiated newborn babies, although at least one study has reported that users of tube and mask found it tiring. 11, 12 The Resair 2 Study also showed that oxygen is not necessary for resuscitation of asphyxiated newborns. 13 Therefore, newborn resuscitation can be adequately taught and practiced in most environments where only simple equipment and training are available.
In this study, we have been able to verify that all four neonatal resuscitation devices are similar in their efficacy, as measured by the average number of ventilations achieving adequate volume in simulation resuscitation trials. In fact, the bag and mask devices tend to have more ventilations with high volume than tube and mask devices, raising some concerns about potentially causing dangerously high pressures in small newborns. The village midwives stated that they could use any of the four devices, but if required to buy it themselves, their ability to pay is BRp100 000 (US$12.00). Only Tekno, a locally made tube and mask device, is in this price range. The assessment by the medical engineering team showed no difference among devices in prevention of infection from newborn to caregiver, but prevention of infection from caregiver to infant is better in bag and mask devices because the caregiver is not breathing into the infant. Tube and mask devices are easier to clean than bag and mask devices. There was a problem with Tekno's one-way valve, as its functionality became compromised after five high-level disinfection procedures. This dysfunction would not have any effect on the efficacy of ventilations, but it reduces the ability of the device to prevent infection from infant to caregiver and may increase the volume of rebreathed expired gases.
There are three limitations of this study. First, the subjects of this study are all village midwives who did not have adequate neonatal resuscitation training before this study. The results might have been different if the subjects were pediatricians or neonatologists experienced in neonatal resuscitation.
Second, the mannequin and computer interface used to conduct the evaluation and collect the volume data suffered from technical limitations. The Laerdal Baby Anne mannequin is an infant mannequin that does not realistically represent the overall size or facial features of a neonate (full term or premature). Therefore, mask size and fit, which are critical to a successful resuscitation, were not evaluated. The computer interface, which is supposed to indicate the volume of the inspiration, does not measure volume directly but interpolates it from the pressure. The accuracy and precision of the volume measurement were not determined during the evaluation. However, the data gathered on different devices can be compared without regard to the inherent accuracy. Data on pressure, an important consideration in resuscitation, was not collected. If pressure does not correlate to volume in uniform ways among the devices, using volume as a proxy for pressure may create misleading results on ability to achieve proper lung expansion. Third, resuscitations were limited to 30-s periods during the study. However, actual neonatal resuscitation could last up to 20 min. Devices that were acceptable during a utilization period of 30 s may become more difficult to use for longer resuscitation periods. This may be especially true in the case of mouth-to-mask devices in which the caregiver is responsible for blowing a measured and steady supply of air into the baby for the entire resuscitation. However, a follow-up study of asphyxiated babies in Cirebon showed that most of the asphyxiated babies only need initial steps of the resuscitation procedure and 30-s to 1-min ventilations. 14 
Conclusion
Birth asphyxia is one of the main causes of neonatal mortality and must be managed well to significantly reduce neonatal mortality. Choosing a neonatal resuscitation device is an important first step in designing a neonatal resuscitation program. There are many neonatal resuscitation devices currently available with a wide range of prices. This study showed that the least expensive tube and mask neonatal resuscitation device was as good as other more expensive devices in effectiveness in giving adequate volume, preventing infection from newborn to caregiver and cleanability, and was equally acceptable to midwives. Therefore, birth asphyxia in lessdeveloped and developing countries could be adequately addressed with lower-cost neonatal resuscitation devices.
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